The species composition and number of visitations of food plants by bees were studied in refuge sites in agricultural landscapes and in selected crops. The habitat fragments of interest are characterised in terms of pollinator diversity at genus level and the use of food plants by individual genera. Trophic and temporal niche overlap is described for individual genera and the honey bee Apis mellifera in different habitat types. Factors influencing the manner of use of individual plant species by pollinating insects are identified.
INTRODUCTION
Studies have repeatedly confirmed the great importance of refuge habitats for wild bees (BANASZAK 1983 , BOULINGER et al. 1998 , MARSHALL 2004 , HOLZSCHUH et al. 2012 , LENTINI et al. 2012 . The food resources of wild bees (and the honey bee Apis mellifera LINNAEUS, 1758) constitute an important element in planning the conservation of these valuable insects. In this context, it is useful to understand and identify factors influencing the choice of plants by individual species and to determine how changes in resource availability influence pollinator populations.
Owing to its location, considerable terrain diversity and climate, Bulgaria offers particularly favourable conditions for bee keeping and the richness of the wild bee fauna. The natural base is formed by a wealth of food plants. Melliferous plants, whose flowers are natural food sources for the honey bee and wild bees in Bulgaria, are represented by 1020 species from 296 genera (TASHEV & PANCHEVA 2009 .
Older faunal papers from Bulgaria, dating mainly from the 1960s, contain data on the bees' food plants. This information, which we owe mainly to Prof. Neno ATANASSOV, is, however, mainly narrow in scope as regards identification of the bee fauna of Bulgaria and contributes to our knowledge about plant species visited by bees to a similar extent (ATANASSOV 1960 (ATANASSOV , 1962a (ATANASSOV , 1960b (ATANASSOV , 1965 (ATANASSOV , 1972a (ATANASSOV , 1972b (ATANASSOV , 1974 . The 1980s, in turn, witnessed utilitarian research, focusing on pollinators of selected crops, mainly alfalfa (e.g. DOCHKOVA 1981a , 1981b , 1982a , 1982b , DIMITROV 1990 DIMITROV & DIMITROVA 1991a , 1991b .
At the same time, there has been a dearth of research on the patterns of use of wild plants by bees in an agricultural landscape in refuges of wild bees. i.e. at the edges of fields, roadsides and in small mid-field clumps of trees. Although there is research showing that wild flowers in semi-natural habitats are an irreplaceable food source for wild bees (KLEIN et al. 2012 , MANDELIK 2012 , LE FÉON et al. 2013 , ROLLIN et al. 2013 , little insight has been gained into the floral preferences of individual genera of wild bees within entire insect and plant communities (TUELL et al. 2008 ). The present study attempts to fill this void. The research questions for this study were as follows: 1) What are the patterns in plant visitations by bees, i.e. in their diets and diversity in the landscape? 2) Which pollinator groups are more frequently encountered in crops and in refuge habitats?
There are a large number of melliferous plants in Bulgaria, with 564 species from 232 genera and 75 families (TASHEV & PANCHEVA 2009 ), compared to the total of 1,010 species recorded in this country (TASHEV & PANCHEVA 2011) . The present study also provides abundant data about the relations between bees and flowers. It adds to the body of data on the trophic base of the honey bee and wild bees in refuge habitats of Apiformes in the agricultural landscape of Bulgaria. It contains information about 104 species of wild plants. This is an important contribution, considering that the area of agricultural land in Bulgaria is 6,845.8 ha or 61.6% of the total area (NPGR 1995) . While previous studies of wild bees did contain species lists (e.g. ATANASSOV 1960 ATANASSOV , 1962a ATANASSOV , 1962b ATANASSOV , 1965 ATANASSOV , 1972a ATANASSOV , 1972b ATANASSOV , 1974 and other minor publications), they were mostly concerned with areas of natural habitats in Bulgaria. The present list contains data relating exclusively to refuge habitats (crop field margins), which accounts for the novelty of the data.
This paper is an analysis of the composition and number of visitations of food plants by bees. The habitat fragments of interest are characterised in terms of pollinator diversity at genus level and the use of food plants by individual genera. Trophic and temporal niche overlap is described for individual genera and the honey bee in different habitat types. Factors influencing the manner of use of individual plant species by pollinating insects are identified.
MATERIALS AND METHODS
The field research was conducted at 15 sites. Some of them were marginal habitats: a field and ditch edges, covering small areas, usually 1-3 m wide belts dominated by ruderal plants with some species characteristic of xerothermic grasslands and meadows. Larger areas were covered by grasslands along the Vit river valley, with mostly thermophilous vegetation, bordering on fields. Fields of 5 selected crops were also investigated. Individual sites were sampled in the years 1987-1991, usually during two or three growing seasons (from spring to autumn). A total of 10 natural habitats were analysed (the site codes are given in brackets): valley of the River Vit Bees were sampled, usually at two-week intervals, during the growing season in the years 1987-1991. A 200 m long and 1 m wide transect was marked in each of the 15 study sites (BANASZAK 1980) in order to record bee species visiting flowers and identify them live as to genus (wild bees) or species (honey bees and some bumblebees). The researcher walked slowly along the transect counting and gathering every specimen of solitary bees and counting bumblebees and honey bees. If a specimen was caught on a flower species, it was considered to be a food relationship (nectar or pollen). Bee counts from each transect were then calculated into densities expressed as individuals * ha -1 . We used raw bee-plant relations in the analysis of niche breadth. Prior to numerical analysis (NMDS, MRPP), the visitations were calculated into the expected number of visitations if the flower species was present in the transect. The gathered specimens were identified to species level: the results are presented in another paper (BANASZAK & DOCHKOVA 2014) . The food plant species visited were also noted for each bee record so that a list of food plants of bees from the study habitats could be compiled. Nonmetric multi-dimensional scaling (NMDS), a non-parametric ordination method, was used to order the sites with regard to pollinator activity, i.e. estimated expected annual visitation counts for every bee genus present at that site. The Bray-Curtis distance was used as the measure of distance. The non-parametric permutation test MRPP was carried out in order to verify the significance of element grouping in the ordination plot (ZIMMERMAN et al. 1985) . The IndVal method (DUFRENE & LEGENDRE 1997) was employed to identify the activities underlying the significance of these clusters. The NMDS coordinates for the study sites along either axis were subsequently associated with their characteristics so as to identify correlations between them and changes in pollinator activity consistent with the NMDS plot. As the distribution of the variables was not normal, Spearman's nonparametric rank correlation was used to test for the statistical significance of relations between habitat characteristics and the configuration obtained by NMDS.
Trophic niche breadth (AGUIAR et al. 2012 ) was determined for each genus using Shannon's Index of diversity (SHANNON 1948) for percentages of individual food plants, according to the formula below:
where p i is the proportion of the i th species in an assemblage.
The degree of trophic and temporal niche overlap was determined by calculating Czekanowski's Index (FEINSINGER et al. 1981) for all pairs of genera, according to the formula: (SIEGEL 1956) .
A trophic niche overlap analysis based on the null model (GOTELLI & GRAVES 1996) was carried out in order to determine whether competition had a significant impact on the pattern of visitations in the bee assemblage. The null model tests whether an observed pattern of niche overlap is significantly different from one generated by a random resource use assembly for a given assemblage. Niches were analysed with regard to their food resources and period of occurrence. For the former, the EcoSim software package (GOTELLI & ENTSMINGER 2001) and the RA2 algorithm (LAWLOR 1980) were used. The algorithm substitutes random numbers from 0 to 1 for actual resource use values, thus partly preserving niche breadth for a particular species. Time overlap of niches was studied with TimeOverlap software and the Rosario algorithm (CASTRO-ARELLANO et al. 2010) , which, unlike other algorithms, preserves most autocorrelations in time series. In both cases, the number of randomisations was 1000 for each site and simulation.
RESULTS

List of food plants
A total of 37038 records of flower visitations by bees were collected over the five years of study, of which 83.2% (30805) were by the honey bee. The 15 study sites yielded a total of 233 species representing 23 genera of wild bees. The inventory can be found in an earlier paper (BANASZAK & DOCHKOVA 2014 were each recorded 10 times or more rarely and were therefore excluded from subsequent numerical analyses in order to avoid a low abundance effect.
A total of 100 species of plants visited by bees were identified collectively in all the study transects (Tab. 1). Among the semi-natural habitats, the highest number of food plant species visited by bees was noted for the Ditch near maize (43) Tab. 1. List of food plant species for wild bees found in research plots. Each value in the the expected number of visits in one year on a given plant species. Sites: 1 -rape field, 6 -ditch edge, 7 -Phacelia field, 8 -roadside Pleven, 9 -alfalfa field margin, 10 -radish 14 -slope of the hill, 15 -road-side Plovdiv. Trophic niche breadth and niche overlap Diversification of the trophic base of individual bee species, reflected in the number of food plants, varied widely. The highest number of food plants was identified for Apis mellifera (75), while the genera Rophites and Rophitoides used only two food plants (Tab. 3). Plants of 11 species were visited only by the honey bee. The count of visitations of most of these species by other pollinators was low, an exception being Thymus marschalianus, which was intensively used. Apis mellifera was the dominant visitor to 22 food plant species visited also by other bees. For 15 plant species, half of the visitations recorded were by the honey bee, and 8 species accounted for 75% of visitations. Five food plant species were visited exclusively by the genus Halictus s.l., which accounted for >50% of records on 7 plant species. The genus Eucera was also recorded exclusively on 5 plant species and the genera Nomada, Andrena and Megachile each visited only one plant species.
The honey bee topped the list in terms of the total visitations of flowers. 29.4% of food plant species intensively (>50% of the visitation count) foraged by Apis mellifera were also visited by representatives of other genera. Unlike the honey bee, the genera Rophites and Rophitoides used alfalfa nearly exclusively as their food source. The genus Osmia followed the most diversified diet, feeding rather evenly on 29 plant species. The most attractive food plant for bees was Carduus acanthoides, visited by 15 bee genera.
The genus Osmia had the most diversified diet (H'=3.13), while the genera Rophites and Rophitoides had the narrowest niches (H'=0.06 and H'=0,08). The diet of the honey bee was also not very much diversified (H'=1.42) as this species preferred to feed almost exclusively on flowers of oilseed rape, radish, sunflower and Phacelia spp. crops. Together, these plants accounted for nearly 95% of all plant visitations by the honey bee.
Czekanowski's Indices, reflecting the overlap of bees' trophic niches, ranged from almost 0 (completely separated niches) to almost 1 (identical niches) (Tab. 2). However, 75% of the values were low (<0.25) and 16 were relatively high (>0.5). The KolmogorovSmirnov test confirmed a fit between the distributions of food plant use for the following five pairs of taxa: Halictus s.l. and Andrena, Megachile and Anthidium, Osmia and Anthidium, Rhophites and Melitta KIRBY, 1802, and Rophites and Rophitoides. Dasypoda, Hylaeus and Bombus had the most unique food bases, demonstrating no high or significant overlap with any other genus analysed.
The genus Bombus, apart from the main food plants, such as Heliantus annuus or Phacelia tanacetifolia, would also more frequently visit plant species of the genus Delphinium L. These plants are less attractive to the other bee genera and the honey bee, with only Delphinium consolida being more frequently visited by Eucera and Hylaeus. Of great importance to Hylaeus were also plants rarely visited by other bee genera, mainly Mentha arvensis and Calepina corvin and, less so, Ranunculus acris. The genus Dasypoda High niche overlap indices were additionally obtained for 12 pairs of bee taxa, but the distributions of use of individual plant species were not significantly similar. This means that these wild bee genera visited similar plant species but did so with different intensity.
A high degree of niche overlap was demonstrated for the genera Andrena, Halictus s.l., Nomada and the honey bee. The highest number of records for these taxa was for oilseed rape and radish. Apis mellifera and Halictus s.l. were, however, characterised by a higher proportion of visitations of summer-blooming sunflower crops, with the honey bee additionally feeding on flowers of Phacelia. The genus Nomada followed a very diversified diet (H'=3.10), with a higher proportion of visitations of plants of less importance for the other genera.
The composition of food plants for the genus Anthidium was most similar to those of the genera Megachile and Osmia. The greatest proportion of its diet consisted of Lamium purpureum, Centaurea orientalis and Alkanna strybnyi. Megachile was specifically characterised by feeding on the genus Lamium, but the staples of its diet were Centaurea salonitana and 14 species of plants not visited by Osmia and Anthidium bees. The genus Osmia was most often reported from Lamium album, Erodium cicutarium and Papaver rhoeas, which accounted for small differences between the niches of Anthidium and Megachile.
The genus Eucera had high niche overlap indices with the genera Halictus s.l., Melitta, Rophites, Rophitoides and the honey bee. The latter three genera had very similar trophic bases. The genus Halictus s.l., compared to Eucera, was keener to use crops of Helianthus annuus, Raphanus sativus and Carduus acanthoides. Oilseed rape constituted a similarly high proportion of the diets of both genera, while the diet of Eucera bees was characterised by higher proportions of 12 plant species visited by both taxa.
Rophites and Rophitoides were recorded almost exclusively from the alfalfa field, accounting for more than 95% of the records for both these taxa and resulting in a high index of overlap of their very narrow niches (H'=0.06 and H'=0.08). Medicago sativa was often chosen by the genus Melitta, but its slightly wider niche (H'=0.76) made its pattern of resource exploitation different from the two genera mentioned above.
Competition in assemblages
The co-occurrence of taxa in the study sites was analysed (Fig. 1) . The highest indices of temporal niche overlap (Czekanowski's Index) were obtained for crops of sunflower, oilseed rape and radish. This means that a number of bee genera were seen foraging on abundantly growing crops at the same time. The temporal niche overlap index for the alfalfa field is more than 50% lower and comparable to those obtained for the cluster of semi-natural habitats, indicating a rather high degree of separation during flights over this plantation. Table 1 for a key to the codes. "NS" indicates lack of statistical significance.
The niche overlap index calculated for food resources assumed lower values than those obtained for temporal niches at the study sites (Fig 1B) . Thus, the bees co-occurred in time but used different trophic bases. The crop fields are not included in the graphs since randomisation was not possible in this case owing to the lack of variability in the food base. Czekanowski's Index for these sites was 1.
All actual values of trophic and temporal niche overlap were equal to or significantly higher than those expected in the null model. This would indicate that competition was not a determinant of the structure of pollinators visiting the plants at individual sites. If competition significantly influenced resource division, actual niche overlap ought to have been lower than the random value.
Intensity of plant visitations by bees
The mean number of visitations of food plants during the season varied widely for the honey bee (Fig. 2) , while the intensity of food plant visitations by wild bees grew systematically, stabilising in the second half of May. The visitation count in the first half of September was stable and low. Fig. 2 . Mean count of recorded visitations of flowers by the honey bee and wild bees per transect. The means were calculated for all years of the study (1987) (1988) (1989) (1990) (1991) .
The NMDS method was used to analyse the similarity of activity of individual bee genera (Tab. 4) in the two clusters of habitats of interest, i.e. crop fields and refuge habitats (Fig. 3) . With regard to crops, there was a high similarity in pollinator activity for oilseed rape and radish, and a somewhat less distinct similarity for phacelia and sunflower. The alfalfa plantation was quite different from both crop fields and refuge habitats with regard to pollinator activity, with the greatest differences noted between this site and the phacelia plantation. This finding was probably associated with distinct conditions in this plantation, which had been developing for many years, and the fact that some pollinators nested there.
Tab. 4. Mean annual visitation counts for individual transects in two agricultural landscapes. In order to identify a general pattern of visitations by the bee genera analysed during the year, visitation counts in consecutive years of study were averaged to provide an estimated expected annual visitation count for a given genus if it was recorded from that site. Italicised figures mark genera with annual visitation counts below 10. Sites: 1 -Brassica napus var. Oleifera, 2 -Vit valley, 3 -ditch near maize, 4 -alfalfa, 5 -railway embankment, 6 -ditch edge, 7 -Phacelia tanacetifolia, 8 -roadside-station, 9 -eoadside (alfalfa), 10 -Raphanus sativus, 11 -river, 12 -sunflower, 13 -Vit valley slope, 14 -hill in field, 15 -roadside Plovdiv. Among the refuge habitats, the sites Vit slope, Alfalfa margin and Ditch near maize demonstrated considerable similarity to the crops of oilseed rape and radish. All 10 seminatural sites were also more homogeneous as a cluster in terms of pollinator activity than the crop fields. MRPP analysis found significant differences between the clusters with regard to the activity of individual bee genera. Indicator values were calculated in order to determine which genera were responsible for the significance of the differences (Tab. 5). For the crop fields, one distinctive species, Apis mellifera, was significant. For the refuge habitats, there were 6 significant characteristic genera: Systropha, Anthidium, Megachile, Hylaeus, Dasypoda, Halictus s.l.
Tab. 5. Characteristic genera (indicator values and significance) for two arbitrary clusters of crop fields and refuge habitats, calculated with the IndVal method. The arrangement of sites according to the first dimension in the ordination graph can be attributed to increasing density of wild bees and a distinct fall in the density of the honey bee (Tab. 6). These sites mainly represent refuge habitats and also include the alfalfa field. The analysis also confirms the division of the sites into two clusters as their co-ordinates in the NMDS chart relatively well reflect their placement in the crop field or refuge habitat cluster. The trophic niche overlap index decreases from the crop field habitats to the refuge habitats. The site co-ordinates of the second dimension of the NMDS ordination were associated with increasing overlap of trophic niches. Tab. 6. Spearman's coefficients of non-parametric rank correlation for MDS dimensions and for characteristics of the study habitats. (AGUIAR & SANTOS 2007 , AGUIAR et al. 2012 ) produced different results, with significantly lower niche overlap figures obtained for individual bee species than in random records. Thus, competition does not appear to play a significant role in pollinator assemblages at the generic level. If different bee genera feed on similar plant species, these species usually account for different proportions of their diets. Mean trophic niche overlap indices for the study sites decreased from the crop field habitats to the refuge habitats. This would suggest greater functional redundancy in the crop fields and functional complementarity in the refuge habitats (BLÜTHGEN & KLEIN 2011) . Bee activity in the crop fields differed significantly from their pattern of activity in the refuge habitats. Crops were not a significant food source for many species of the genera Anthidium, Hylaeus, Megachile, Osmia, Dasypoda, Systropha and Halictus s.l. These genera were typically associated with refuge habitats. The decreasing proportion of semi-natural habitats in the agricultural landscape may pose a threat to these taxa and result in changes in their contribution to the structural indices of diversity and species richness. The question arises as to whether these genera are able to switch to food offered by abundantly blooming crops with the decreasing refuge habitat cover of the agricultural landscape. The attractiveness of flowering crops (agricultural matrix) depends, among many other factors, on bees' foraging ranges and the density of flower resources currently available in their surroundings (RANDS & WHITNEY 2010 . The simple density-dependent process of bees switching to utilise mass flowering crops could be modified by the high habitat fidelity of these insects and neophobia, i.e. resource fidelity (FRANZEN et al. 2009 , WILLIAMS & KREMEN 2007 . BOMMARCO et al. (2010) showed that different responses of wild bees to habitat loss and increasing crop fields area depend on species body size and diet breadth. According to their results, smallsized generalist bee species are more prone to habitat loss than large-sized bee species. Moreover, specialised bee species were more affected than generalists. Body size and dietary constraints, which force bees to remain in their primary habitat, could explain why some species stay in the refuge habitats even if flowering crops are present nearby. Foraging ranges of wild bees correlate positively with body size (GATHMAN & TSCHARNTKE 2002) , so the utilisation of abundant but distant resources may be limited for some small species, especially if they have narrow trophic niches. Furthermore, generalist bees respond strongly to mass flowering crops, which is why plants in semi-natural habitats may experience transient pollination dilution . Of course, some bee species could be absent from fields simply because of lack of phenological overlap with crop flowering. The high degree of overlap of temporal niches in the crops is due to the short period and large-scale pattern of blooming. Plantations offer a very rich trophic base and there is no observed competition for the resources of massively blooming annual crops. There were some distinct differences regarding the utilisation of flower resources on mass flowering crops. Phacelia flowers were visited almost exclusively by Apis mellifera, while the alfalfa field supported a high diversity of wild bee genera. The unique character of the alfalfa field was also noted by ROLLIN et al. (2013) . In their work they showed that flowering alfalfa fields are attractive floral resources for all bee groups: Apis mellifera, bumblebees and wild bees.
Genus
Variables
Species within one genus are closer to one another in terms of ecology and morphology, which may result in greater competition within a genus than between genera. The trophic niche overlap index, expressed as Czekanowski's Index, decreases from the crop field habitats to the refuge habitats, which is associated with increasing diversity of available food. The density of wild bees increases and the density of the honey bee decreases. It is not known whether Apis mellifera is usually the most abundant bee species on flowering crops. Nonetheless, wild bees are generally important pollinators of mass flowering crops, not only substituting for honey bees, but actually increasing crop yields (GARIBALDI et al. 2011 . Therefore it is important to broaden our knowledge about plant resources used by wild bees in marginal habitats in agricultural landscapes to sustain the local and regional diversity of this group of pollinators as well as a high level of pollination services of crops.
